Introduction
In recent years, environmental concern pushed chemical industry to look for "green" solutions in production, in particular avoiding toxic organic solvents. As the most abundant liquid that occurs on Earth, water is a cheap and non-toxic solvent, so it can be used in large amounts without any associated hazard [1] . Water is not only a solvent but also plays a fundamental role in coordination chemistry. Water-soluble organometallic complexes attract continuously growing interest for applications in catalysis, because of environmentally friendly processing, simple product separation and pH dependent selectivity in aqueous media [2] . Based on an early observation by M. Baird [3] , we found in the 1990s that chloride or tetrafluoroborate salts of cationic arene ruthenium complexes are well soluble in water, the arene ruthenium bond being robust towards hydrolysis [4e6] , which resulted in a rapid development of arene ruthenium chemistry in aqueous solution [7] . Recently, we reported the synthesis of arene ruthenium oxinato complexes [(h 6 -arene)Ru(h 2 -N,O-L)(Cl)] and [(h 6 -arene)Ru(h 2 -N,O-L)(OH 2 )] þ , which catalyze the hydrogenation of carbon dioxide in aqueous solution in presence of KOH to give the formate, with catalytic turnovers up to 400 [8] . Saccharin, discovered by Remsen and Fahlberg in 1879, is about 500 times sweeter than sugar [9] . Its water-soluble sodium salt therefore is widely used as artificial sweetener for diabetics as well as an additive in dietetic products. Recently, it has also been used for ionic liquids [10] . The saccharinate anion has been shown to coordinate to Cr, Zn, V, Pb, Hg, Mn, Co, and the complexes [M(sacc) 2 (OH 2 ) 4 ] (M ¼ Cr, Zn) [11] ; [V(sacc) 2 4 ] $ 2 py (py ¼ pyridine) [12] ; [Pb(sacc) 2 ] $ H 2 O [13] ; [HgCl(py)(sacc)] 2 [14] ; [Mn(phen) 2 (sacc)(OH 2 )](sacc), [Co(bipy)2-(sacc)(OH 2 )](sacc) (phen ¼ phenanthroline, bipy ¼ bipyridine) [15] ; [Zn(sacc) 2 [16] have been reported.
The oxidation of alcohols to give carbonyl compounds such as aldehydes, ketones and carboxylic acids is an important transformation in organic synthesis [17] Complex 3 was isolated by crystallization in acetonitrile and washed with acetonitrile, complex 4 was isolated by crystallization from an acetonitrileeethanol mixture (1:1) and washed with acetonitrile. Both compounds form air-stable, yellow, crystalline solids which are well soluble in dichloromethane, chloroform, acetone and ethanol. The spectroscopic and analytical data are given in Section 3.
Molecular structure of the complexes [(h
The molecular structures of 1 and 2 have been established by single-crystal X-ray structure analysis. Both complexes show a typical piano-stool geometry with the metal center being coordinated by an arene ligand, two saccharinato and a water molecule. The saccharinato ligand is bound to the ruthenium atom by its nitrogen, the most common coordination mode of the saccharinato ligand [63] . Strong hydrogen bonds are observed between oxygen atoms of the saccharinato ligands and the coordinated water molecule. ORTEP drawings with the atom labelling scheme for complexes 1 and 2 are shown in Fig. 1 , while the intramolecular hydrogen-bonded networks of 1 and 2 are presented in Fig. 2 . Selected bond lengths and angles for these two bis-saccharinato complexes are listed in Table 1 .
The geometrical parameters of 1 and 2 are comparable to those observed in other N,N,O (h 6 -arene) ruthenium complexes [64, 65] .
In 1, the ruthenium atom is situated 1.676 Å away from the centroid of the para-cymene ligand, while in 2 the distance between the centroid of the benzene ligand and Ru is slightly shorter (1.662 Å). This difference is consistent with a higher electron-donating ability of the para-cymene ring as compared to that of benzene. In both compounds, strong intramolecular hydrogen bonds are observed (Fig. 2) . The coordinated water molecule interacts with the oxygen atom of the C]O moiety of each neighbouring saccharinato ligands. The O/OH 2 separations are all comprised between 2.6 and 2.7 Å with OeH/O angles >153.0 . In addition to these intramolecular hydrogen bonds, a series of intermolecular hydrogen bond interactions are observed in the crystal packing of 1 and 2, thus forming a very closed packing arrangement in the solid state. ).
Catalytic application of complexes
In a preliminary series, the oxidation of alcohols A 1 , A 2 and A 3 has been studied with complex 1 under various conditions (Table 2) : With a substrate to catalyst ratio (S/C) varying from 1000 to 10,000, the reaction is quantitative at room temperature (25 C) for all alcohols (conv. > 99%) using Bu t OOH as oxidant in aqueous solution.
Without solvent, the reaction works also well at 100 C (entries 1, 2 For the further catalytic study, it was decided to oxidize the alcohols with Bu t OOH in aqueous solution, the S/C ratio being 100,000.
The results obtained (Fig. 3) show that the conversion increases linearly with the increase of the molar ratio of oxidant and substrate. The pH-dependence of the catalytic activity of 1 was studied for the oxidation of 1-phenylethanol to give acetophenone. The reaction works at various pH (3, 5, 9 and 12), the catalytic activity being maximal for pH 9 (Fig. 4) . The conversion depends also on temperature: With 1 as catalyst, we found the conversion to Fig. 1 . ORTEP diagrams of 1 (left) and 2 (right) with 50% probability thermal ellipsoids. be maximum at 80 C (Fig. 5) , because Bu t OOH is not heat-resistant and its boiling point is 96.2 C. The time-dependence of the catalytic activity of 1 for the oxidation of 1-phenylethanol (Fig. 6) shows that the conversion increases linearly with time. These results are available for the oxidation of 1-phenylethanol (A 1 ) catalyzed by 1.
All complexes 1e4 are found to catalyze the oxidation of secondary alcohols A 1 eA
3
, the results obtained are shown in Table 3 . We found that the best result is obtained at pH 7 with the aqua complex 2 as the catalyst for all alcohols with high conversion (>95%), the turnover frequencies varying from 31,733 to 33,033 h À1 (entries 3, 11 and 19). All complexes show higher activities for the oxidation of A 2 than for the oxidation of A 1 and A 3 . In addition, within the series of the acetonitrile complexes 3 and 4, the benzene ruthenium complex 4 is more active than 3.
A tentative catalytic cycle for the oxidation of secondary alcohols in aqueous solution with Bu t OOH or H 2 O 2 as oxidants involving the aqua complexes 1 or 2 is shown in Scheme 1. The aqua ligand may be replaced by an oxo ligand upon reaction with ROOH, thus increasing the oxidation state of ruthenium from II to IV. The oxo complex may then be reduced by the alcohol to give the ketone and the aqua complex. A similar reaction cycle may be considered for the acetonitrile complexes 3 and 4.
The oxidation of ruthenium (II) to ruthenium (IV) may be initiated by a proton transfer from the aqua ligand to the oxo groups of the saccharinato ligands, which may be facilitated at pH ¼ 9, the optimal pH for the catalytic reaction.
Experimental

General
All manipulations were carried out in an inert atmosphere using standard Schlenk techniques and pure solvents. The starting materials [(h 6 -arene)RuCl 2 ] 2 were prepared according to the published methods [66] . All other reagents were commercially available and were used without further purification. NMR spectra were recorded on a Bruker 400 MHz spectrometer. Microanalyses were carried out by the Mikroelementaranalytisches Laboratorium, ETH Zürich (Switzerland).
General procedure for the synthesis of complex [(h
To a solution of [(h 6 -arene)RuCl 2 ] 2 (0.082 mmol) in 20 mL of watereethanol mixture (1:1), 4 equiv. of solid saccNa was added and the reaction mixture was heated under reflux for 2 h. Then the solution was cooled to room temperature and the solvent was reduced to a half of its volume. The crystals formed overnight were washed with water and dried under vacuum. 
X-ray crystallography
Crystals of complexes 1 and 2 were mounted on a Stoe Image Plate Diffraction system equipped with a 4 circle goniometer, using Mo-Ka graphite monochromated radiation (l ¼ 0.71073 Å) with 4 range 0e200 . The structures were solved by direct methods using the program SHELXS-97, while the refinement and all further calculations were carried out using SHELXL-97 [67] . The H-atoms were found on Fourier difference map or included in calculated positions and treated as riding atoms using the SHELXL default parameters. The non-H atoms were refined anisotropically, using weighted full-matrix least-square on F 2 . Crystallographic details are summarized in Table 4 . Fig. 1 was drawn with ORTEP [68] , while Fig. 2 was drawn with Mercury [69] .
Oxidation of secondary alcohols
The oxidation of secondary alcohols A 1 eA 3 (1 mmol), using 1e4 
Table 4
Crystallographic and structure refinement parameters for complexes 1 and 2. 
